The FLP/FRT system is a site-directed recombination technology based on the targeting of a recombination enzyme (flipase -FLP) to specific DNA regions designated as flipase recognition target (FRT) sites. Initially identified in Saccharomyces cerevisiae, the yeast FLPenzyme and its FRT recombination targets were successfully transferred into each major chromosome arm in Drosophila (Golic and Lindquist, 1989). This offers the ability to mediate mitotic recombination in vivo during development in a controlled manner [revised in Theodosiou and Xu (1998)]. The controlled induction of the mitotic recombination events is usually performed by expressing the FLP under the control of the heat-shock (hs) promoter. This allows the expression of high FLP levels at specific developmental time windows. Strains carrying these genetically marked FLP/FRT chromosomes have greatly enhanced our ability to study gene function in both germline and somatic Drosophila tissues.
[Abstract] The FLP/FRT system is a site-directed recombination technology based on the targeting of a recombination enzyme (flipase -FLP) to specific DNA regions designated as flipase recognition target (FRT) sites. Initially identified in Saccharomyces cerevisiae, the yeast FLPenzyme and its FRT recombination targets were successfully transferred into each major chromosome arm in Drosophila (Golic and Lindquist, 1989) . This offers the ability to mediate mitotic recombination in vivo during development in a controlled manner [revised in Theodosiou and Xu (1998) ]. The controlled induction of the mitotic recombination events is usually performed by expressing the FLP under the control of the heat-shock (hs) promoter. This allows the expression of high FLP levels at specific developmental time windows. Strains carrying these genetically marked FLP/FRT chromosomes have greatly enhanced our ability to study gene function in both germline and somatic Drosophila tissues. Here we describe two different protocols: One to induce and identify homozygous mutant clones in ovaries and the other to generate female germline mutants for the analysis of maternal effects on embryogenesis.
Materials and Reagents
1. Fly stocks a. w; FRT 42B, fand/CyO (Guilgur et al., 2014) b. y w hs-FLP 22 /Y; FRT 42B nls-GFP/CyO hs-hid (Guilgur et al., 2014) c. y w hs-FLP 22 ; If/CyO hs hid (Guilgur et al., 2014) d. FRT 42B ovo D /T(1;2)OR64/CyO (Guilgur et al., 2014 
Procedure
A. Generation and labeling of mutant clones using the FLP/FRT system In this section we describe the generation of homozygous mutant clones for a recessive mutation fandango (fand) which has been characterized in Guilgur et al. (2014) . In order to discriminate between fand homozygous mutant and wild-type clones, we combine the FLP/FRT system with a cell-autonomous marker as originally described in Xu and Rubin (1993) . We use Green Fluorescent Protein tagged with a nuclear localization signal (nls-GFP) in order to easily identify clones based on the presence (wild type clones-nls-GFP plus) or absence (mutant clones-nls-GFP minus) of a nuclear GFP signal ( Figure 1 ).
Flies were raised using standard techniques at 25 °C unless indicated. All crosses were set up in bottles and flipped to new food vials on a daily basis at least 4 times.
1. To generate homozygous mosaic clones of fandango allele we crossed virgins carrying the mutant allele (genotype: w; FRT 42B, fand/CyO) with males carrying the following markers: hs-flipase, the FRT 42B, the nls-GFP construct and a balancer CyO bearing the heat-shock-inducible pro-apoptotic transgene head involution defective (hid) (genotype: y w hs-FLP 22 /Y; FRT 42B nls-GFP/CyO hs-hid). The reverse cross could also be used (see Figure 2 ).
2. By the late second/third larval instar stages the F1 progeny was heat-shocked in a 37 °C water bath for 1 h, in order to induce mitotic recombination and the lethality of organisms carrying the balancer with hid transgene. An additional 1 h heat-shock in the following day could be done to increase the frequency of clones.
Note: The developmental stage selected to induce the mitotic recombination via heat shock can vary depending on the tissue to be analyzed. Doing two consecutive heat shock could increase the rate of recombination as a result of more flipase expression and therefore more clones will be generated. However, it is important be aware about the in orange and the nls-GFP construct in ochre, heterozygous parental cell in light brown, one-spot cells in light green, twin-spot cells in green, fand mutant clone cells in pink.
Figure 2. Genetic crosses to recover FRT/FLP induced clones labeled by a cell marker
3. F1 adult females with normal wings (absence of curly wings indicates lack of the CyO balancer) were transferred to food vials supplemented with fresh baker's yeast for 3 days prior to ovary dissection and processing ( Figure 3A-B) . 
B. Generation of fandango maternal mutant embryos from germline mutant clones using the FLP/FRT OvoD system
In this section we describe the generation of female germline mutant clones to characterize the maternal effect of the recessive zygotic lethal mutation fandango (Guilgur et al., 2014) . The genetic technique applied in this assay takes advantage of the properties of the yeast "FLP/FRT" site-specific recombination system in combination with the germline-dependent dominant female sterile Ovo D mutation [originally described in Chou and Perrimon (1992) ] (Figure 4 ). 3. For this, virgins carrying the fandango mutant allele (genotype: w; FRT 42B, fand/CyO) were crossed with previously produced "OvoD males". 4. By the late second/third larval instar stages, the F1 progeny was heat-shocked in a 37 °C water bath for 1 h, in order to induce mitotic recombination and the lethality of organisms carrying the balancer (see Figure 5 cross b 2 ). 5. Finally, F1 adult females with normal wings (lack of the CyO balancer) were transferred to food vials supplemented with fresh baker's yeast for 3 days prior to egg collection. Since http://www.bio-protocol.org/e1458 Vol 5, Iss 9, May 05, 2015 7 flipase (hs-FLP) will be capable of producing mature eggs. These eggs will necessarily be homozygous for the fandango mutation and can thus be collected, processed and analyzed in order to characterize the embryogenesis phenotypes of the mutation ( Figure   6C -D). As controls, germline clones without any associated mutations were generated by crossing virgin flies carrying only the FRT42B recombination site (genotype: w; FRT 42B/CyO) with "OvoD males", followed by the aforementioned heat shock procedure ( Figure 6A-B) .
Note: The number of flies used in the cross referred in section 5 are approximately 50 female virgins with 10 males. Embryos were stained for Slam (green), Neurotactin (red), and DNA (blue).
